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Gallmakers Parasitically Manipulate Host Plant Development
The gall-inducing habit has arisen in several animal lineages, including the nematodes, mites, beetles, true bugs, flies, and wasps [2] . Although galls are frequently likened to tumors, they are far from being disorganized masses of hypertrophic cells. They typically consist of structured, concentric tissue zones that surround a central chamber where the gallmaker resides. The immature gallmaker feeds on the cytoplasmically dense tissue lining the chamber, which appears more nutritious than normal plant tissues [3, 4] . Outer layers, reinforced by sclerenchymous tissues, protect the maker from natural enemies and the elements. The details of gall induction vary with lineage, but the process most frequently starts when a female injects an egg into a specific structure on a particular plant species. Among the gall wasps (family Cynipidae), for instance, some species oviposit into vegetative buds, others into newly unfolding leaves, still others on flowers, etc., of their oak tree hosts. When the egg hatches, the plant reacts to the larva's stimulus -mechanisms unknown [4, 5] -by increasing cell division and differentiation around the insect, resulting in a species-specific structure. When feeding is completed, the larva pupates and emerges as an adult wasp who chews its way out to mate and complete the life cycle.
Gall morphology is strongly controlled by the gallmaker. Unrelated species that oviposit on the same structure on the same plant induce distinctly different galls [5] . Quantitative genetic studies have demonstrated that when plant genotype is held constant, different genetic strains of the goldenrod gall fly (Eurosta solidaginis) induce galls of different sizes [6] .
Quite clearly, galls benefit the inducing animal. Plants gain no benefit from gall induction, and in fact grow and reproduce more poorly when attacked [4, 5] . This led St. George Mivart to claim in 1889 that plant galls are an example of a situation that Darwin admitted would ''annihilate'' his theory of evolution through natural selection -a structure produced by one species for the exclusive benefit of another [6] . Against Mivart's claim, however, is the idea that natural selection acts upon the gallmaker to favor gall induction genes that improve the insect's fitness. Our current understanding is that although the gall is composed of plant tissue, it develops under the influence of the insect genotype, making the gall evolve as an 'extended phenotype' of the gallmaker [1, 6] .
Encased by plant tissues, gallmakers are sitting targets for their enemies, which in turn can be agents of selection on gall morphology. Most prominent among these are parasitoid wasps. These enemies pierce the gall with their needlelike ovipositor and inject an egg into the central chamber. The hatching parasitoid larva eats the gallmaker, then pupates and emerges. Many features of gall structure appear to interfere with parasitoid oviposition [5] . Goldenrod gall flies that induce small galls are vulnerable to the attack of their main parasitoid enemy, whose ovipositor is just long enough to reach inside. Flies in larger galls escape attack, generating selection for increased diameter. However, downy woodpeckers more often chip open larger galls to extract the gall fly larva, selecting for smaller diameter. These opposing forces generate stabilizing selection on gall size [6] . Parasitoids and birds are not the only challenges faced by gallmakers. Some insect species act as inquilines; that is, they reside in the gall and eat its tissue. More often than not, inquiline attack is fatal.
By inducing a gall, the gallmaker creates a resource that can be exploited by other species [2, 7] . The recent paper by Egan et al. makes an unexpected and exciting addition to the list of exploitersparasitic plants.
Plants Parasitizing Plants
About 1% of plant species secure their water, nutrients and carbohydrates, in whole or in part, by parasitizing a freeliving counterpart [8] [9] [10] . Although their percentage is small, the parasitic life style has independently evolved at least 12 times among the plants. The essential adaptation for parasitism is the haustorium, a root-like structure that penetrates host tissue, securing a physical attachment between the parasite and host [10] . Some parasites, like Indian paint brush (genus Castilleja), attach to the host's roots. Others, such as the mistletoes, send their haustoria into stems and leaves. Either way, these structures extract material from the host's vascular system. The degree of parasitism varies among species [9, 10] . Owl's clover (Triphysaria) can either live freely or attach to its neighbor's roots. Indian paint brush and mistletoes always attach, but also photosynthesize to a greater or lesser degree. Plants such as the vine-like dodder (Cuscuta) take parasitism to the extreme: absorbing all required energy through their haustoria, they have not only abandoned leaves, their chloroplast genome is degenerate [11] .
Whereas parasitic animals typically specialize on a few related host species, parasitic plants tend to have more generalized abilities [9, 12] . In fact, an individual dodder plant can simultaneously parasitize hosts from several widely different species. Not all hosts are equally rewarding, and when presented with a 'mixed diet' dodder makes more haustorial attachments to the best host plant [13] . These parasites discriminate good hosts from poor based on plant volatiles: several individual compounds emitted by tomato attract, while one emitted by wheat repels [14] .
Selective attack is what makes Egan et al.'s report on love vine most interesting.
Plants Parasitizing Plant Parasites
The gall wasp family, Cynipidae, has a strong affinity for oaks, and Florida's sand live oak (Quercus gemenata) is the exclusive host for a number of species, each producing distinctive galls in characteristic sites on the tree (Figure 2 ). The tree also is host to love vine, a much more opportunistic parasite that can attack a wide range of host plants. This parasitic vine, sometimes called 'devil's hair', is also opportunistic within the tree, sending haustoria into several different structures. Egan et al. found that 40% of all haustoria were attached to stems and small branches, another 40% attached to the tops and edges of leaves, but none were found attached to leaf bottoms. They also found a small percentage of haustoria were attached to galls.
This raised an interesting question: were galls the victims of random attack by an opportunistic vine as it spread across the tree, or were they 'targeted'? Four of the gallmakers infest stems, one of the vine's favored sites; it is not clear if these are attacked any more often than a normal section of stem. But the evidence for targeted attack on three other gallmakers is compelling. These three form their galls on the leaf underside, a site the vine otherwise ignores. For the most abundant of the three, they found another interesting pattern. The attacked galls were larger on average than the unattacked. This could imply that more vigorously growing galls are more attractive. Like other gall inquilines, love vine attack on wasp galls is eventually fatal to the gall maker. This sets up the possibility that parasitic plants, like parasitoid wasps and birds, could exert selection on the gallmaker's expended phenotype.
Egan et al.'s discovery of a parasitic plant attacking a plant gallmaker was truly unexpected. And yet, in retrospect it seems quite predictable. As the authors note, there are over 13,000 gallmaking insect species and 4,500 parasitic plants, and these can occur in nearly all terrestrial habitats. These types are sure to cooccur on thousands of host plant species. Given that plant galls are typically the base of complex food webs, including parasitoids, predators and inquilines, it seems almost fated that a parasitic plant would join in. Now that a single case has been reported, one suspects more will be found.
When neurons oscillate together in one brain area, they often synchronize to oscillations in other areas. By artificially entraining long range connections during beta oscillations, their strength is modified in the wake of that oscillation.
Brain networks adapt to ongoing tasks on multiple time-scales. On long time-scales over days, neural circuits are thought to help form long-term memories through changes in the strength of synaptic connections of cells that were active during the experience. On shorter timescales of seconds, we can keep in mind things that are not immediately before us, adapting to familiar items and sensations while attending to changes in our surroundings. This requires far more labile mechanisms, which have been observed in reduced preparations for small mammals. In such work, oscillations have Two galls induced by the wasp Belonocnema treatae on the underside of a sand live oak. Note the love vine stem winding between them. Haustorial attachments can be seen into both galls. Photo by Matthew Comerford, with permission.
